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^£ Ru^^r -H-^BV ^ *H ^ ^e] £E^r ^ 

^ -6-7) ^ ^si-iicf^ R u «m je. 

£ 2a 

3^M ^"71^ ^T^fK «AlH^ 
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^^]^] "j" 1 ^ {Method for manufacturing a semiconductor device} 

T ox » iL^^Rr ZLeflSo]r4. 

£ 4b^ 5f^ 7 ]A o >^2V^^. ^ ^A^ ^-g- 7 fl>rl]AlE^l olc^ 
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°fl &°H, *HM^-§- l^eim ^4-^ ^ -fr^-g: 

£ 7a¥ *§-n ^* n^^^i £M 

>M, ^H^^l tflsfl ^± SE^r/^ 1*1 b]« ^A]^- h1^^ -R-#^ 

^^^-ofl « S^/^ 1*1e]# ^o.^ o.^nv 

£ 9^ -f-«fl M€ Ru ^ <i^E] *Vn}- 
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<14> t^-g- «VE;*fl «o V ^°fl ^tb 3-° 5., Sj-^M^^ 

*ll i7>^ ^°\] 

<15> ti>5L^l rt*]-^ ^7>^-ofl cjo] ^ ^^ol ^^>^ 

th 3Lf-*Rr ^ H<HH, ^7)-^ 7fl3flA ]E|^ 7fl2flAl^^o ) l 

<^fl EL 7)) °H ?fl5flAlE^ 7fl5flAl^^# ^ 7 }A)7} 7 ] ^ tb ^ 

<16> ^ t tiV^^l ^7>7> 16Mb<5l^>A^ E-l^- ^7>^1 4^ ^ €^ 

MIS(Metal-Insulator-Silicon) ?fl El Htf c| ^ ?fl5flAl^i|. ^ 

^7} ^- MIM(Metal-Insulator-Metal)?flsfl^lB^olcf. 
<i?> ^ti>^ MIM?flsflAlE|2] S}Jf ^CLSfe ^-^i^^ uv-g-o] ^ji 

Pr, Ru, Ir, Rh, Os^ ^ ^Mr°] *>-g- 

^#o] MIM?1]5flA)E^ ^ ^ 1-^5. ^-^-^ «>J1 ^nf. 
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<19> 3^1 ol-g-^H SE^M: 71 ^SJH^r -B-71 

<20> ZL^C-fl, -B-71^ ii7} £-*fl £) <H 7l ^ >*W ^S)^, ^ 

^ jfcq <&*\b)X\ ^ofl t&-g-*H 

;goJnV A >ol6fl ^ o.^*^- ^^-l}. ZL51J1 "<H1*> 

<21> , £ lofl 5iX|5l ^-ol MIM?fl3fl^l^o]l ojol^, ^^SLsL o)^. 

3^ ^-f^fl 7fl3flAlE^ ^ ^7} ^-cfl^^S ^Jl -fi-^Sl 

T0X7> ^-cfl^^S. ^7}*}^ ^ #7H JRH «i5)-El7fl £ 1^1 HHflH^r 

^ ^ ^ #^-3 ^-Bll^^ A>-g-*>ji -fr^^o.S. TaOxl- ^ 
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1*13*7 N 2 700 M>H 30-g-# ^}±\9lSL^ , #JjL ^ fg^ ¥-2) ^Mr 

f?-^ ^Blfe 0 2 400TC<M 30£# ^^sl^cf. 

^ ^ 3-8-] 

-fr^^-fr ^^S|-*>7l ^ ot 65 0°Coll^ 

1- -H-^ ^^^>i ^>4i 7>^ -g-^H^ 

^.33 4^ 31/iE^ 7>i ^7l ^ 

/SE^r 7}i ^-^7l§Hl^^ i^Rr 3^5L <g^e) ^rJE^r ^ 

350 750r°H, a]- ^-3] ^1- 711 ^ 450°ColtK HBlJL, 7>i ^7ls}-°| 

<M*13 ^ ^ 7}ifif 7^^ ^ 7>^ ^7l<5>°] <i^Sl# -fi-*!^ 

^ 1*13 ^£ ^7fl *}^, *3*fl ^S}- 1^3*1 S}« 

£^ ^s^Ji, ^e]^ ^ 
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<24> ^aflaj ^i^-ir ^*fl ^>-§-S)^ -n-7] 3W#^ 

Ru(C 3 H5C5H 4 )2(=Ru(EtCp)2), Ru(CH 3 C 5 H 4 )2(=Ru(MeCp) 2 ) , Ru(C 5 H 5 ) 2 (=Ru(Cp2)) , 
Ru(C 9 Hi502)3(=Ru(dmhpd) 3 ), Ru(Ci 0 H 17 0 2 )3(=Ru(tmhpd)3) lE^fe RuCCnHigO 2 >3 
(=Ru(dpm) 3 ) <H *r 91^. 

<25> tij-s- 6j]o) ^ -B-7l5|-^-#S. (CH 3 )3Pt(C5H 4 C5H 5 )(=Me 3 Pt(EtCp)), (CH 3 ) 3 

Pt(C 5 H5)(=Me 3 PtCp), (CH 3 )3Pt(CH5C5H4)(=Me 3 Pt(MeCp)), PtCCsHyC^CCsJ^Pt (C 5 H 5 
)(=Pt(acac) 2 ) afe Pt(C 5 HF 6 0 2 )2(=Pt(HFA) 2 )^> *r &t*. n^JL, *>^- 

^q-^r Ru, RuOx, Pt, PtOxS. ^€ S<*H ^ ^VM-S o^o^ ^ ^ 

Slv\, -R-*l^r Ta 2 0 5 , SrTi0 3 (ST0), (Ba, Sr)Ti0 3 (BST) , PbTi0 3 , Pb(Zr,Ti)0 3 
(PZT), SrBi 2 Ta 2 0 5 (SBT), (Pb, LaXZr, Ti)0 3 , Bi 4 Ti 3 0i 2 £ BaTi0 3 (BT0)S. 

<26> o]^> *a %JLS. -g- ^* -M^W. 

<27> £ 2a vflxl £ 2c^r t^ofl ^ tiV^^l ^S^Kr 12 Tfl § S-^^r 

<28> £ 2a^l^i, ^>£^1 7] #(21) ^Hl ^ -6-71 s^l^ *>JI 3j-*M 

°l-§-*>^ ^ ^^-(23)^- H^th}. ^ €^8: Ru, RuOx, Ir, 
IrOx, Pt ^ PtOx ^ *>M-1- o]^^ ojx}. is}*- ^o] Ru SL^r 

RuOxS. ^-f , ^ -B-71 iiir Ru(C 3 H5C5H 4 )2(=Ru(EtCp)2) , 

Ru(CH 3 C 5 H 4 )2(=Ru(MeCp)2), Ru(C 5 H 5 )2(=Ru(Cp2)) , Ru(C 9 Hi 5 0 2 )3( = Ru(dmhpd) 3). 
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Ru(Ci 0 Hi70 2 )3(=Ru(tmhpd)3) Ru(CiiHi 9 02)3(=Ru(dpm) 3 )7|- A>-g-^ ^ oicf. 

Pt HLfe PtOxsL °l^f-<H<£ % °. y =.4=- -B-71 iiife (CH 3 ) 3 

Pt(C 5 H4C5H5)(=Me3Pt(EtCp)), (CH 3 ) 3 Pt (C 5 H 5 )(=Me3PtCp) , (CH 3 )3Pt(CH5C 5 H4)(=Me3 
Pt(MeCp)), Pt(C 5H 7 02)2(C3H5)Pt(C 5 H5)(=Pt(acac)2) SE^ Pt(C 5 HF 6 02)2(=Pt(HFA) 2 
)7> A>-g-^ - flr*. 

cf-S-, ^^-(23) ^ ^elW. ^ ^em, §1-^ #^M: ^ 

?l*r 53* i^lcf. *I3 ^ ^(23)^ ^ ^e]^ ^£ 

W. ^LSl£, ^ ^(23)-^ 7\^9\ ^ 7}+£\ ^ 7}+ £-^7MH 

^^el€ ^£ 5a4. ^ 7>i ^71^ ^^ej ^ ^^7j-^sf ^ 7}^ 
^ 7f^ ^ 7 ]*>^ l^eH Sl^H^l ^ 350 ifl^l 750°C°H, ^-§1 

£ 2tHH, *^ ^21=1 ^ ^(23) Aj-ofl s^M^ 

^^ v ^# °l-8-*H -fr*l^(25)-g: -R-^^-(25)^r Ta 2 0 5 , SrTi0 3 (ST0), 

(Ba, Sr)Ti0 3 (BST), PbTi0 3 , Pb(Zr ,Ti )0 3 (PZT) , SrBi 2 Ta 2 0 5 (SBT), (Pb, La)(Zr, 
Ti)0 3) Bi 4 Ti 3 0i2 ^ BaTi0 3 (BT0)S °l-f-<H*! ^ 
€ *r 5d 4. -8-21^(25)3 ^7>a] 71 7l ^sfl, ^dt 7>^ °] 

s] ^efl^ ^jeo] 700°C ^.tf ^ 9} 650°C<HH ^5}. ^Js)* 

ARVcf. 
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<3i> 5L 2c<^H, -f*-^(25) ^Hl 3^7}^^^ °l-g-*M °)^o] 

& A o^ #^(27)# ^^*H *H*IW3* ^ Pr, 

Ru, Ir, Rh, Os^ ^ ^ ^#ol A>-g-^ ^ 514. ne) 

400 °C ^ ^7loflA^ #0]^^- ^A]^4. 

<32> *V^, £33- o. -^-^^(23) o]jf cflAio]] Aj-jjL ^ ^ o]* 

<33> ^ ^e} Uri ^eH s>«. ^^-(23)^1 a^<H) ^fl^ 

^-71 ^4=- iiS^-E^ #^#<>1 ^SH, ^(23)# # 

°ltt i«-*Hr ?fl5flAlE^ ^ 7l ^ ^av^# £ 3a-3b, £ 4a-4b, £ 

5a-5b, £ 6a-6b, £ 7a-7b, £ 8a-8b ^ 5. 91- ^^^cf. '*>Jf *l^hi- 

<34> £. 3a-3b, 5. 4a-4b, 5a-5b, S. 6a-6b, £ 7a-7b, £ 8a-8b ^ £ 9^1 
nefliE SL^ a>^1^ =Efl^- xj^-, TaOx -fr^ ^ -f-Efl^ av«. ^^-o.^ 

<35> H3a D ^£ 3b£] ZLSfllEofl^ 7]-S#£- ^Efl^f tfl^ ^ ^-Bfll- 

M-Bftfl^ '^HflSr ^b] 7 > ^Ajs]^ 7^ uJ-El-iflZL, 'H2^«l 

7>^ ^^7|*H^ <H^€ ^Efll- H-Bj-^Cf. A-flj-^ JoxS 

^flsflAlBi^ SHH, ^el^ ^>SKH1 tfl-g-£H ^s}^ TaOx^ ^fl-I- 

28-11 



1020010045487 %:^ QA- 2001/12/4 

£]*l*Hr 7 A—^- , Tox^ &o} ^ ^ s^ol ^Jlf-C-^-^ ^7} 

M-Bj-^Cf. £ 4a ?J £ 4b2] 7}3_^ ^* S^Rr 7fl*M 

<36> £ 3a 2f £ 3b^- -£ 4a-4bl- ^^}^ , -M^- ^}^- ^. 

<37> ^ nfl5^-0. S) # ^ 7l ^l--3V^ol ^-g-^ 7fl3flA]E^ -^^ev^l Tox^r ^ 

^ Tox^ n 30% ^ #^-g; i^i^-. 

<38> TE^, #£l7l^^^iL^ ^-Efl^ ^ 7^-Oofl OICH^, ^-Efl 

7)^ ^, ^ 7>i ^7l ^ 7>i #-^7)*>^ 

^ ^^"^ ^Mi^HRr, £3** 1*13 ^ W^ofl 

^gr 7fl5flA]E^ ^f-^^^-Sf ^ *M» iLo]*! o^SM". ZI^, 3>|-*M 

*ii ^ =1x1 ^j-^i-scf. 
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<39> 2%^7)^^ & ol-g-^H *>"¥- 

°l-g-*H *}^f #^Mr <8^« ^-f^ -fr^S] ^^2)- ^5L7> O] 

£ 5a^- £ 5b# ^7]^^°) ^ &^°\] ^ 

Tox7> 14^1 #sl7l^^-«jo] ^ofl ^ ^a]^ 

52 3-*M ^^2}- -gr£^ zj-zj- ^ 625°Ci4 ^ 645°CS. ZL 

*>o] 7 > £1*1 »cK£ 5a). zLe-iM- s^l^^oi ^ ^ <I 

3^ £ ^ 3-9-3 £rH^r ^ 3= 635°C3- ^ 

685°CS n ^^l7l- a.nf(3E 5b). £&th ^r£7> #e]5|-tM# 

#^ol aj-g.^ Tjo.^ --ofl e^*>7ll ^rf. 
<40> ZLS]J1, ^5}- <>^*g ^5L7> 700°C°)H ( #^7l^-^3>^o] ^-g-^ *}* 

#^6\] 7}5fl^1 ^ -fr^S] TOX^ ^3j-7> 7\ $\ ®SL^ , Sj-fl?" 

<«> £ 5a 5? £ 5b3 njflSiA^ 7\S.^ -fi-^i^ £r 

5L# l4Bf^^ ^O.S '2:71'^ TJ^S]- cH^^o] ^5]^ ^2]-^^- l^-Bf^C}. ZL 

s]i ^)S^^r £^3- Toxl- M-^vHcf. 

<42> tcH^-l, i^M^^* oi-g-^e^-i ^ <l*ieH 3*fl 
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<44> Cf-g-, *PjL ^-g- 3\-^7)^^SL£. ^^1$) ^-f^q- 

^-f^l 5^*1^ ^ ^7} ^^.cf. 
<45> i£x4 £ 6a ^- £ 6b°lH 7>S^^r S}^- %]€\ M-^vfl^ ^ 

3., '^7l'^ ^ ^q-o] o]rg 8>-£- #Efl-I- u^ifljl, 'N700*£r 

7>^ ^7la) 700°C^H 1*1 3 3^ ^"Bfl* 'H450'^r ^ 7}^ ^ 

7}°) 450°C<>)H 1*1 5-1 5] ^"Bfll- M-Bf^lcf. ziel^l £ 6a^ ^lS^r 
^ ^eHl 4^- Toxl- M-Ef^i, £ 6b^ *flS^£r ^ nj-s. - 7fl3} ) 

A]^^ ^7]-## ^^4. £ 7a^ £ 7b^H 7}S.^^r Sj-^M^^-^S 
^3 ^ Wl^^ ^ -fr^^M" 3^*HSr ^M^l^H ol7>£]^ 

^-ir M^W. ^3^1, ^ 7a^- £ 7b^ A-flS.^-^ TaOx^f 
TaOxl- 7>^1^ 7fl5}]AlE^ ^^1- ^\E4. H^^L, »^ #Hfl^ 7}^; ^ 
^o] O}^ ^El-i- ^1 °>^r ^-f<^ o]7l- £<3-o)l nj-S. ^^E^ 

#^f-& 4^4. '•'^ s}^ ^^7>i £-^7HH ^ 700 °C 1*1 

^-8- <?17> ^^ofl tC^S- ^3flA]E^ uj-E^t}. ZLE]JL, 'A'^r 

*Hf ^r4i 7]-^ £r^7HH ot 450 °c ^^Ell- °]y\ 

4€ 7H3flAlE^ ^Md^» *4^\H4. 
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<46> £ 6asq- £. 6b# , w]^^ Ta0x# -R-^^S. A>-g-^ ^-f , ^ 

^m-o] TaOx^l ^^]^ ^71 ^Bfl^ 12<£H1 yVSfl, ^ ^ €i *i 

bH ^ Tox^ ^4 ^ 9 ^ icpgSLS. «r 

<47> ^ nfl^O_^ ) TaOx^l ^5} 5E^ ^dl ^l*}^, ^71 

#eJH wl^fl 7fl3flX|Bi^7} tf^l ^7>*}uj- ti]^^ TaOx<Hl Sa°H^ 

*]S]7> -fr^^l 7fl^A]^^c11 <^^># ^}31 ^ <&t± 

<48> fV3|, ^± ^ ^B] f^H, ^ri ^ el oil sl*b Tox^l ^ 

SflAlEiiOj ^ 7 }7> ^ ^ Si oil 51 ^4 92 4^ SZ-^ , 7>i 

£}- 7>^-& ^ wl^rS £^ ^ 7>i ^-^7H1ai ^sj^ 
Sl-5--£ <S ^ 7>>i ^sl til io%ofl ^ 7}^ 90% 

51 ^ 7>i ^ 71 §>^1 450 "C^i ^ 30£-# ^ ^^"21 a^^r *]£\^r ^ 5. 

<49> £ yal- , S^K^^ ±S- -Mtt Ta0x# 

i^Rr 7fl5flAlE^l ^O^, ^Efl 7l## ^-g-^ ?fl Si) Al El <>] ^M^^l «1 

^ofl §}Jf ^i^-sl ^ ^el 5E^ ^5]7} *-g-^ 7fl2llAlE-l5l 

^-^1-^cl-. wV£, £ 7b# ^2^3, j^-7l^^ o_JL ^ 
i]) is- ^^<H1 tH«fl #2fl5) 71^-i: *\&-5}3. TaOxl- ^fl-g-t!: 7fl3H^ 

^1 ¥^ ^^-^l tilsfl ^51 ^el7> ^-§-£} ^ 7fl4 
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^r, -B-^^ 0 1 ^-f^l, ^ ^e] SE^b ^e)ofl 

£ 8a^r S^Mtf^^ o_s. Ru^# ^-^7)cfl^ 

^^>7l oj^o] ^A> ^nl^o.^ #^*1 Aj-^o]^, £ 8b^r Ru^-ir 

7>i £-^7HH ^^tr ^"Hfll- ^A> xj*} ^n]^ ^cg^v A>^1 

— ri *{2] ^ <>1^°1H ^31^ 37] 7> 3 o^o^ a 

£ ^Hlb €• ^^-7> ^ ^Sl € *3 RuW# XRD(X-ray Radiation 

Diffraction) 9-& ^ ^sjofl ^sfl (100), (101)2) 37f 
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^ ^sj JE^r ^ 3 z>}# , €SteH=rfe Ru^ s-^o] 

SI MS (secondary ion mass spectrometry)^! ^r3l °1^>2] -FM ^^-#0] ^ 

ofl til SI] sj.*)- 7 l^--3}-^ ^-fofl, ^ SL^ ^e)*> 

^ £1711 M-B^Tfl &t±. 
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[^^t 11 

(a) 7}& #6fl ^ ^"71 5h^## ol^-*>Jl s|.«j. 7l ^aj.^^. o)-g- 

(b) ti^f ^7H1>H ^-71 S>Jf 4^*1 3 *Hr # 

(c) #7l ^ ^ ^ofl -fr^-g- ^*Rr #31, ^ 

2] 

*fl 1 9X°)*\, #7} (b) ^l^Ai #7] ^ ^ 7>i ^7] 

3] 
4] 
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[^^8- 5] 

6] 

2%> S^r 5^H1 &<H*1, ^"71 ^i7}i7} t-H-sl ^-^7] Hi^r ^ 
7>iS!]- ^dti 7}i7} ^-^7lofl^o) ^Sfe 350 tfl*) 750°C°1 

51*11 

l iHl -*7l (a) #t1HH ^>-g-^^ -8-71 #4* -fM aj-W£- 

Ru(C 3 H5C5H 4 )2(=Ru(EtCp)2) , Ru(CH 3 C5H4)2(=Ru(MeCp) 2 ) , Ru(C 5 H 5 ) 2 (=Ru(Cp2) ) , 
Ru(C 9 H 1 502)3(=Ru(dmhpd) 3 ) > Ru(Ci 0 H i 7 02)3( = Ru(tmhpd) 3 ) iE^ RuCCuHigO 2 >3 
(=Ru(dpm) 3 ) 91 a>£^ ^ . 

8] 

^ 1 %H] Sl<H>H, ^71 (a) #7iHH A>^^ ^"71 #4- -8-71 3»§-£r, 
(CH 3 ) 3 Pt (C5H4C5H5) (=Me 3 Pt (EtCp) ) , (CH 3 ) 3 Pt (C5H5) (=Me 3 PtCp) , 
(CH 3 ) 3 Pt(CH 5 C 5 H4)(=Me 3 Pt(MeCp)), Pt(C sH^^Cs^PUCsHsX^PtCacac^) 5E±r 
Pt(C 5 HF 6 0 2 )2(-Pt(HFA)2)tl #51*11 ^ . 

9] 

1 *<M1 &<>H, ^ ^^fr Ru, RuOx, Pt, PtOxS 
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10] 

*fl 1 sa<H^, -fr*!^ Ta 2 0 5 , SrTi0 3 (ST0), (Ba, Sr)Ti0 3 

(BSD , PbTi0 3 , Pb(Zr,Ti)0 3 (PZT), SrBi 2 Ta 2 0 5 (SBT) , (Pb, LaXZr, Ti)0 3 , Bi 4 Ti 3 
O12 ^ BaTi0 3 (BT0)5. ^>1^^1 S°1M ^ sM-«a ^5^1 *flS 

[^t 1 * 11] 
12] 

*fl l 5U°1*1, -8-71 (c) 3:31 ^"71 (d)^^l °l#«*f| ^71 -R-^^g- 
[^^8" 13] 

14] 

*fl 12 *<H1 9X°\*\, ^7} (dmn o}3fd\} Aj. 7l #j=l ^^-ol 
[^Ih 15] 

(a) 7l# ^ ^-71 s^#-§- iiS <>l-g-*>:a ^7)^^-ir °l-§- 
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(b) ^± z^m*) ^7} ^ ?a^^ s.^ ^ #31, 

(c) #71 ^ ^B]€ ^ ^ #^°H 4}-^* ^*Kr ^1, ^ 

(d) #71 -e-^B]- #^ofl A o VJf rjTfll- i^Rr #51*11 # 
^1^1 ^ 
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